Abstract. A digital data logger has been constructed at the California Institute of Technology for recording the signals from long-period Press-Ewing seismometers. Three-component data are continuously digitized at the rate of 10 samples per second with an 86-db dynamic range and stored on magnetic tape. With a tape speed of 0.5 inch/sec, data for a 24-hour period may be recorded on one 10«-inch reel. An editing system is then used to select interesting events and convert them to a form compatible with the IBM 7090 computer for further reduction and analysis.
Introduction. The techniques of analog recording of seismic information have long been established. More recently, magnetic tape recording has been added to this field (G. It. Sutton and P. W. Pomeroy, private communication, 1962). The significance of the fact that the information can be played back repeatedly for analysis in digital or analog form is well known. Recent work by Press et al. [1961] and others has demonstrated the utility of the digital computer in seismic research. The preparation of seismic data from standard chart. recordings for use on the digital computer is a cumbersome operahon. Clearly, a method of direct digitization and/or preparation of seismic data is necessaw. [Bogerr, 1961; Haubrich and Iyer, 1962; De Bremaecker et al., 1962; Hagelbarger, 1961] . At the Seismological Laboratory we are engaged in the automatic preparation of seismic information for digital computer reduction and analysis on a scale that to our knowledge has never before been attempted. Our objective is to apply digital data-logging techniques to the field of seismology so as to preserve the greatest spectrum, dynamic range, and sensitivity. The end result is a permanent library tape in 7090 computer format peculiarly suited to direct digital processing. This paper describes the system approach of the Caltech digital seismograph, without belaboring the reasons for choosing the ultimate methods out of many approaches that might be applicable. Serious consideration was given to economy, reliability, maximum resolution (or minimum noise), and availability of commercial equipment which could be used. Only the digital system, commencing with a voltage from a transducer (seismometer) and ending with the edited digital data of selected events, will be discussed. The seismometer instrumentation and the data reduction subsequent to editing are discussed by Phinney and Smith [1963] . Data handling. When considering a generalpurpose system like this, one must be aware of the vast amount of data involved. For example, a continuous sampling rate of 10 samples per second produces 864,000 data points per day, per component. For a three-axis system with a dynamic range of 16 bits, this amount of data would fill 30 miles of punched paper tape a day (IBM 7090 format). Actually, many of these data are not needed, for the usual interest is only in specific events. Therefore, a digital seismograph must not only be. capable of producing and handling data efficiently but must also contain an editing facility to allow quick access to the interesting events.
Several solutions t.o this problem have. been published recently, each solution being t•ilored to fit a particular need
The Caltech digital system consists of two separate entities. The first is the digitizing system which continually digitizes the voltage from a seismic transducer. The distal data for a 24-hour period are recorded on I reel of magnetic tape. The second is an editing system which incorporates a search routine for locating events In such a process, the encoding time is dependent upon the number of logical steps that must be performed to obtain a balance. This in turn is dependent upon the relationship between the present data point and the previous one. In general, the closer the two points, the shorter Before embarking on the design of such a slow digital tape reco. rding system a study of the problem of intertrack skew at low speed was undertaken. Very few data o,n intertrack skew for speeds less than the standard 17/s inches/set are available. After having plotted the results of skew tests for tape speeds from 1•/s to 60 inches/set and extrapolating the data to % inch/set, it was clear that intertrack skew is inversely proportional to tape speed and becomes increasingly greater as the speed is reduced. At % inch/set the nominal intertrack skew was found to be 1200 microinches per inch. For a 1-inch, 16-channel tape, this would appear to limit the bit-packing density to about 300 bits per inch if each data point is recorded in the conventional way, that is laterally across the tape. However, by recording BCD characters serially in the longitudinal directions, only one-third the width of the tape is involved for each channel and three times the bit-packing density may be accommodated. The present bitpacking density for operating three channels at 10 samples per sec is 200 bits per inch, and no problems due to intertrack skew ha.ve been encountered to date. For either 20 samples per see on three channels or six-channel operation at 10 samples per second, the bit-packing density would be 400 bits per inch, which seems reasonable. The tape transport, Ampex model FR 1100, was modified to transpor• 1-inch to. pc at % inch/sec. Thus a 10%-inch reel (3600 feet) is su•cient for a 24-hour record of three than- Some concern was expressed over wear of the record head and build-up of oxide from the magnetic tape on the head; the air cushion present at higher tape speeds, which tends to lubricate the head and facilitate the carrying away of oxide, is not present at % inch/sec. These fears, it would appear, were unnecessa.ry, for in over 5000 hours of near continuous o.peration, no noticeable headwear has occurred and the oxide buildup is negligible. In fact, the only oxide produced has been due to rewinding the tape on the machine at very high speed.
The magnetic tape format is shown in Figure  3 . Because o,f the requirement of continuous 24-hour recording, it is not possible to produce a computer tape in 7090 format. The three channels of data are recorded in parallel on a 1-inch, 16-track tape. Each channel has its own odd-one parity, making it necessary to read no more than five tracks in lateral synchronism. As was mentioned earlier, this reduces the intertrack skew by one-third.
The model 848 digitizer, like most digitizers with a large dynamic range (15 bits), produces an output code in binary-coded decimal. Although pure binary is more economical on tape, the conversion from BCD to pure binary is very difiqcult. Therefore, the machine BCD (2421) is maintained throughout the system and is converted to 7090 BCD format (8421) as the last step in the editing process.
The tape format consists of a 36-bit word with fo.ur BCD characters for the data point, one containing the sign bit and one containing a flag bit for indicating a balance error (error flag). In the event of an error flag, the data point produced is --9999. To record the. data from six digitizers, the additional words would be reco,rded alternately between the original ones (increasing the bit-packing density to 400 bits per inch).
Absolute time is not recorded on the tape. The system is controlled by a crystal oscillator having an accuracy of 1 part in 106 per day. If the absolute time of the first sample on the tape is known, the time relative to this sample will be known to better than --1/10 sec per day. low the operator to suppress 6-see microseisms and observe an event which might be buried in the background. An example of a record after the digital-to-analog conversion is shown in Figure 5 . Note how the high-pass filter has emphasized the event. In Figure 6 a siandard photographic recording is compared with the converted digital record before and after lowpass filtering. If all filtering is switched out, the staircase effect may be observed for checking digitizer operation. When the 7090-7040 facility is installed an intermediate tape will no longer be required. At the present time each axis is edited separately. We have found that it takes about 1 day of editing for a week's collection of events. With the high-speed data-input capabilities of the 7040 it is planned to serialize the three channels for simultaneous editing and to operate at a 3-kc/s character rate. The subsequent saving will reduce the editing time to 1 or 2 hours a week. Conclusion. We have learned that reliable 24-hour/day reco. rding of directly digitized data can be accomplished. The problems of high sensitivity, large dynamic range, and reliability are not formidable. The method o.f digital magnetic recording at slow tape speed is independent of the digitizing process and would seem ap-847 plicable to a multitude of digital data-logging problems. Finally, from an economic standpoint, if one considers only the data edited up to this writing, the cost per data point is less than that for digitizing conventional records by hand. This cost, of course, will continue to decrease as more data are processed.
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